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Abstract

Background: Disinfectant failure could increase microbial load on
fomites and predispose patients to nosocomial infection. The aim of this
study was to evaluate the efficacy of disinfectants using standard
methods in hospitals in Kogi State.

Materials and methods: Dettol and Izal which are phenolic disinfectants
were evaluated for efficacy against phenol using locally isolated
multidrug resistant Pseudomonas aeruginosa as test organism in
randomly selected hospitals in Kogi state between November 2011 to
June 2012 Standard method of Rideal-Walker, Chick-Martin and capacity
test of Kelsey-Sykes were used.

Results: The Rideal-Walker coefficient for izal and Dettol were 2.5 and 3
respectively while Chick-Martin coefficient for izal and dettol were 2 and
2 respectively. Capacity test of Kelsey-Sykes also showed satisfactory
results at first 2 concentrations used for both disinfectants.

Conclusion: The disinfectants tested were considered effective for use in
the health care facilities.

Keywords: Phenolic disinfectant, efficacy, Rideal-Walker, Chick-Martin,
Kelsey-Sykes.
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INTRODUCTION

Appropriate disinfection and sterilization procedures
are a must for control of hospital-acquired infection.
Disinfection in hospital practice is mainly achieved
either by surface disinfection (e.g., disinfection of
surfaces of the tables, trolleys, instruments, walls and
floors, etc.) or immersing the contaminated objects in
the disinfectant solution. Disinfectants may also be
used to chemically treat infectious hospital waste,
especially the disposable plastic and microbiological
wastes [1].

Many hospitals are still using phenolic disinfectants,
while their use is being discouraged throughout
advanced countries. Toxicity issues have led to
discontinued use of gluteraldehydes in some
developed countries [2] but, in developing countries,
they are used very frequently.

The standard tests to check disinfection efficiency
include Rideal-Walker phenol coefficient (R.W.C) test
[3], Chick-Martin and Garrod’s test [4], Kesley and
Maurer’s in-use tests, capacity use dilution test by
Kelsey and Sykes [5] and various other microbial time
kill assays [6].

Phenolic compounds are relatively tolerant of anionic
and organic matter. They are absorbed by rubber and
plastics and leave a residual film. This residual film
may cause irritation to the skin [7]. A collaborative
study by Rutala and Cole documented the facts that
randomly selected Environmental Protection Agency
(EPA) registered phenolic detergents and quaternary
ammonium compounds do not consistently meet the
manufacturer’s bactericidal label claims [8].

Phenol compounds at concentration of 2-5% are
generally considered bactericidal, tuberculocidal,
fungicidal and virucidal against lipophilic viruses [9].
The aim of this study was to evaluate the efficacy of
the phenolic disinfectant used in hospitals in Kogi
state by standard methods.

MATERIALS METHODS

Samples of Dettol and Izal purchased for use collected
from randomly selected hospitals in Kogi state were
evaluated for potency by standard methods of Rideal-
Walker, Chick-Martin and capacity use tests of Kelsey-
Syke. The procedures were carried out at Specialist
Hospital Lokoja between November 2011 and June
2012. Multi-resistant isolate of Pseudomonas
aeruginosa was used as a test organism after testing
for its minimal incubatory concentration (MIC) by
plate method (191, The disinfectants tested were:

. Izal (Manufactured by Rekitt and Colman Ltd.)
contains Tar Phenol 7%

° Dettol (Manufactured by Reckit & Bencheizer
Ltd.) contains Chloroxynol BPC 4.8% w/v

The tests below were carried out by standard
procedures (111,

Rideal-Walker Test: To 5ml of each disinfectant
dilution and phenol was added 0.2 ml of a 24h broth
culture of Pseudomonas aeruginosa. At intervals of 2%
min, 5min, 7% min, and 10 min, subcultures were made
into 5ml of nutrient broth, using a standard wire loop.
These were then incubated for 72h at 370 C after which
the presence or absence of growth in each broth was
recorded. The Rideal-Walker Coefficient was calculated
by dividing the highest dilution of the disinfectant that
killed in 5minutes but not in 10minutes by the highest
dilution of phenol that kills in 5minutes but not in
10minutes.

Chick-Martin Test: A small quantity of human faeces
was collected and dried in the sun for five days.
Thereafter, 3g of the dry faeces was then dissolved in
100 ml of distilled water to give a 3%w/v suspension.
Phenol solution (2%) was serially diluted 1:10 up to
1:100000. Similarly, all the disinfectants under test
were serially diluted up to 1:100000. A 2.5 ml volume
of each Phenol and disinfectant dilution was separately
mixed with 2.5ml of the culture-faecal matter
suspension (made up of 2ml of 24h broth culture +
48ml of 3% faecal suspension). After 30 min contact
time, a standard loop-full of the disinfectant —culture -
fecal matter mixture was transferred in duplicate to
10ml of broth and incubated at 370C for 48h;
thereafter the presence or absence of growth was
recorded. The Chick-Martin coefficient was calculated
by dividing the concentration of phenol by the
concentration of the disinfectant at which similar
presence or absence of growth was recorded.

Capacity test of Kelsey-Sykes: At intervals of
Ominutes ,10minutes, and 20minutes, 1ml of 24h
standardized broth culture of Pseudomonas aeruginosa
was added to 3ml of each disinfectant (Bleach, Dettol,
[zal, Purit) respectively, diluted at approximately the
dilutions recommended for use by the manufacturer.
After a contact time of 8min, 0.2ml of the
disinfectant/Pseudomonas aeruginosa mixture was
transferred to 9ml of sterile peptone broth in five
replicates. The peptone broth contains 3% Tween 20
(Polysorbate 20). All inoculated peptone broth tubes
were incubated at 370C for 48hrs after which all the
tubes were examined for growth (turbidity) or no
growth. Tubes showing growth were scored positive
(+) while those without evidence of growth were score
negative (-). Any disinfectant that scored two or more
negative out of a set of five replicate recovery tubes,
after the 1st and 2nd challenges was adjudged to have
passed the test.
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RESULTS

Disinfectants that are more effective than phenol have
a coefficient >1. Those that are less effective have a
coefficient <1 [11],

Table 1 shows the results obtained when dilutions of
Izal were tested. At 1: 100 and 1: 200 dilutions,
growth was recorded at 2% minutes, but not at 5
minutes and above for both dilutions. At dilutions of
1:250, growth was observed at 2% minutes and 5
minutes contact times, but not at 7% minutes and 10
minutes contact times, thus giving a Rideal-Walker
Coefficient of 2.5.

media at concentrations of 0.73% and 0.66%, giving a
Chick-Martin Coefficient of 2.0.

Disinfectant Concentration (%) Subcultures
1 2
Dettol 1 - -
0.9 - -
0.81 - -
0.73 + +
0.66 + +
Phenol 2 - -
1.8 - -
1.62 - -
1.46 + +
1.31 + +

Disinfectant Dilution of Contacttime with culture

disinfectant (Minutes)
2% 5 7Ys 10

Izal 1:100 + - - -
1:200 + - - -
1:250 + + - -
1:300 + + + +
1:350 + + + +
1:400 + + + +

Phenol 1:95 + - - -
1:100 + + - -
1:105 + + + -
1:110 + + + -
1:115 + + + +

Table 1: Determination of Rideal-Walker coefficient for Izal
and Phenol using Pseudomonas aeruginosa as test organism
+ Growth in the recovery medium, - No growth in the recovery
medium, Rideal-Walker coefficient is 250/100 = 2.5

The result obtained, when dilutions of Dettol were
tested are shown in Table 2. At 1: 100, 1: 200 and 1:
250 dilutions growth was recorded only at 2% min and
none at 5, 7%, and 10 min contact time. For dilution of
1: 300 growth was recorded at 2% and 5 min contact
times, but not at 7% and 10 min contact times, thus
giving a Rideal-Walker coefficient of 3.0

Disinfectant  Dilution of Contacttime with culture

disinfectant (Minutes)
2V, 5 7% 10

Dettol 1:100 + - - -
1:200 + - - -
1:250 + - - -
1:300 + + - -
1:400 + + + +
1:500 + + + +

Phenol 1:95 + - - -
1:100 + + - -
1:105 + + + -
1:110 + + + -
1:115 + + + +

Table 2: Determination of Rideal-Walker coefficient for Dettol
and phenol using Pseudomonas aeruginosa as test organism
+ Growth in the recovery medium, - No growth in the recovery
medium, Rideal-Walker coefficient is 300/100 = 3.0

The result for Chick-Martin Coefficient determination
for Dettol, are shown in Table 3. At 1%, 0.9% and
0.81% there was no growth observed in the recovery
media while growth was observed in the recovery

Table 3 Determination of Chick-Martin coefficient for Dettol
and phenol using Pseudomonas aeruginosa as test organism

+ Growth in the recovery medium, - No growth in the recovery
medium, Chick-Martin coefficient for Dettol 1.54/0.77 = 2

The Chick-Martin Coefficient test for Izal shows ,that at
1%, 0.9% and 0.81% concentrations there was no
growth observed in both recovery media, while at
0.73% and 0.66% growth was observed in both
recovery media giving a Chick-Martin Coefficient of
2.0(Table 4).

Disinfectant Concentration (%) Subcultures
1 2
Izal 1 -
0.9 -
0.81 - -
0.73 + +
0.66 + +
Phenol 2 -
1.8 -
1.62 - -
1.46 + +
1.31 + +

Table 4: Determination of Chick-Martin coefficient for Izal and
phenol using Pseudomonas aeruginosa as test organism

+ Growth in the recovery medium, - No growth in the recovery
medium, Chick-Martin coefficient for Izal 1.54/0.77 = 2

The result obtained, for the Capacity test of Kelsey-
Syke using Pseudomonas aeruginosa as the test
organism are presented in Tables 5 and 6. Table 5
presents the result for Dettol under clean condition. At
1% concentration, all the tubes in the 1st challenge
showed no growth while four and three tubes showed
no growth in the 2nd and 3rdchallenge respectively
giving a result of PASS. At 0.81% concentration three
tubes and two tubes showed no growth in the 1st and
2nd challenges respectively with all the tubes in the
3rd challenge showing growth also giving an overall
result of PASS. At 0.73%, all the tubes had growth with
an overall result of FAIL.

The result for the test for Dettol under dirty condition
is presented in Table 5. At 1% concentration, five, four,
and three tubes showed growth in the 1st, 2nd and 3rd
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challenges respectively thus giving a verdict of PASS. At
0.81%, two and one tubes showed no growth in the 1st
and 2nd challenges while growth was obtained in all
the tubes in the 3rd challenge equally earning a PASS.
At 0.73%, all the tubes showed growth in all the
challenges thus earning a verdict of FAIL.

Condition Concentration Challenge number Result
(%) 1 2 3
Clean 3 ----+ ---++ PASS
0.81 -+ --++ ++++ PASS
+ + +
0.73 ++++ ++++ ++++ FAIL
+ + +
Dirty 1.0 REEE B EEE N PASS
(Addition +
of Feacal 0.81 --++ -4+ + + 4+ PASS
matter) + + ++
0.73 +++ +++ +++ FAIL
++ ++ ++

Table 5 Kesley-sykes test for Dettol under clean and under
dirty condition using Pseudomonas aeruginosa

Table 6 presents the result obtained for Izal under
clean condition. At 2% concentration, all the tubes in
the 1st an 2nd challenges showed no growth while four
tubes showed no growth in the 3rd challenge with only
one tube showing growth thus qualifying as PASS. At
1.5% concentration four tubes and two tubes showed
no growth in the 1st and 2nd challenge respectively
while one tube, three tubes and all the tubes showed
growth in 1st, 2nd and 3rd challenges respectively thus
earning a verdict of PASS. At 1% concentration, all
tubes showed growth in the 1ss 2nd and 3rd challenges
thus earning a verdict of FAIL.

Condition Concentration Challenge number Result
(%) 1 2 3
Clean 2.0 ----  ----  ---- PASS
- - +
1.5 .- --++ +++  PASS
+ + ++
1.0 +++  +++ +4++ FAIL
++ ++ ++
Dirty 2.0 ----  ----  ---- PASS
(Addition of - - +
Feacal 1.5 ----  --4++ +++ PASS
matter) + + ++
1.0 +++ +++ +++ FAIL
++ ++ ++

Table 6 Kesley-sykes test for I1zal under clean and under dirty
condition using Pseudomonas aeruginosa

Table 6 presents the result obtained for izal under
dirty condition. At 2 % concentration, all the tubes
showed no growth for the 1st and 2nd challenges.
Four tubes showed no growth in the 3rd challenge
thus earning a verdict of PASS. At 1.5% four tubes and
two tubes showed no growth for the 1st and 2nd
challenges respectively while for the 3rd challenge, all

the five tubes showed growth giving a verdict of FAIL.
Discussion

A wide range of disinfectants are available
commercially that undergo extensive testing in
controlled environments before market release.
However, often, the products and procedures as
described in the literature may not be able to
adequately disinfect or decontaminate items when the
surfaces have been contaminated with highly resistant
or unusual organisms, or if the bioload of
microorganisms is very heavy [ll. When choosing a
disinfectant for specific hospital use, it may be
necessary to know the expected number and the types
of organisms likely to be present on the surface. It is
critical that the disinfectant be selected based on its
ability to be effective against the prevalent pathogenic
microorganisms that can be transmitted by direct or
indirect contact with the environment [¢].

An ideal disinfectant should have a broad
antimicrobial spectrum, should be non-irritating, less
toxic, noncorrosive and inexpensive [12],

Many hospitals have always relied on manufacturers
claim as to the efficacy of disinfectants purchased and
used for surface disinfection and contaminated matter
on healthcare facilities. The increase in microbial
resistance to both old and new generation antibiotics
have necessitated the regular check of disinfectant
efficacy both when newly purchased before use and
probably in use to reduce the risk of increased
microbial load in the presence of disinfectant failure.
In the present study phenolic disinfectants newly
purchased which are commonly used in our hospitals
were evaluated for efficacy using Pseudomonas
aeruginosa as test organism. The disinfectant
coefficient observed in both methods compared
favourably with standard phenol. Chick-Martin
methods however, seemed to be more appreciated
because the test simulates natural condition due to the
addition of human faeces.

Although phenolic agents exhibit high toxicity and low
biodegradability, they are still in use in developing
countries because of their low cost. They are
considered a health risk by the Environmental Protect
Agency (EPA), and cannot be used in neonatal,
paediatric ICU or on any infant contact surface. Eye
irritation, contact dermatitis/utricaria and
depigmentation of the skin have been linked to phenol
residue contact [131,

Some researchers in India 1l observed that phenolics
showed poor activity on rough surfaces that represent
cracks and grooves on the floors and walls, very
commonly seen in developing country health care
settings. Therefore, better and safer disinfectants are
required to replace them.

Some researchers [14151 showed that antimicrobial
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activities of disinfectants were concentration
dependent. This observation will mean that if
appropriate concentrations are not used even in the
In-use testing they will be contaminations of
disinfectants. Some other workers [1617] all confirmed
contamination of disinfectants in their different
studies.

However, antiseptic compounds are still active against
bacterial strains isolated from surgical wound
infection despite increasing antibiotic resistance [18.
Disinfectants in constant and prolonged use gradually
become contaminated thus raising the microbial load.
The need to prevent this has been emphasized by
some researchers 19,

It will be necessary to always evaluate new
disinfectants before their application in the hospitals
and also check same periodically in-use to ensure
efficacy.
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